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I. Background 
Healthcare-associated infection (HAI) or “nosocomial infection” or “hospital” 
infection is a type of infection that patients acquire while receiving treatment in a 
hospital or other health-care facility and are not present or incubating at the time of 
admission. They also include infections acquired by patients in the hospital or facility 
but appearing after discharge, and occupational infections among staffs. (CDC, 2011). 
Healthcare-associated infections (HAIs) are associated with morbidity, cost and 
attributable mortality.  
The European Centre for Disease Prevention and Control (ECDC, 2017) reports 
an average prevalence of HAIs is 7.1% in European countries.  The estimated incidence 
rate in the United States of America (USA) was 4.5% in the same time (WHO fact 
sheet, 2017). Compared with these developed countries, recent rate of HAIs in 
Indonesia is high. Study by Murni et al in 2014, found that HAIs in one teaching 
hospital in Indonesia was 22.6%, although Duerink in 2006, reported that the overall 
prevalence of HAIs including phlebitis in Indonesia were from 5.9% to 8.3%. WHO 
(WHO statistics, 2017) also reported that in Indonesia more than half of the neonates 
admitted to neonatal units gets HAI, and their fatality rate was between 12 % - 52%. 
Common bacteria that are responsible for HAIs are: Staphylococcus 
aureus (bloodstream infections), Escherichia coli (urinary tract infections), Enterococci 
(bloodstream infection, urinary tract infections, wound infections), Pseudomonas 
aeruginosa (kidney infections, urinary tract infections, respiratory infections) (CDC, 
2011). Among these HAIs pathogens, Staphylococcus aureus and Pseudomonas 
aeruginosa are also important causative bacteria in Indonesia. Murni et al reported in 
2014 that Pseudomonas aeruginosa is the most common pathogen caused HAIs.   
In my previous research, Staphylococcus aureus were isolated from 73.3% 
(22/30) of nurses in a general hospital and 36.3% of nurses in a teaching hospital. I also 
investigated hospital environments such as taps, sinks and tubs and found that 
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Pseudomonas aeruginosa was isolated from 52% and 42% of sampling site in a general 
hospital and a teaching hospital, respectively. Nasal carriage of S. aureus among nurses 
and Pseudomonas spp. in the hospital environment are considered to be important 
reservoirs of 2 major HAI pathogens.  
For hand hygiene compliance among healthcare workers in Indonesia, 
Setiawati, 2009 found that it was only 34.5% in perinatology ward at national top 
referral hospital. She also found that 70.2% of healthcare workers is lack of knowledge 
about hand hygiene. I also observed hand hygiene behaviors of nurses in a general 
hospital and a teaching hospital in Indonesia. I found that 61.4% of nurses did not dry 
hand well after hand washing and almost all nurses did not wash hand with soap and 
water before hand rubbing when their hand were contaminated with visible dirt.  
 
II. Purpose: 
 The main objective of the study is to evaluate the effect of newly introduced 
infection control measures (intervention) to for reducing nasal carriage of S. aureus 
among nurses and isolation of Pseudomonas spp. from hospital environment.  
 
III. Research Methods 
A. Study Design 
 Design of this study was observational and non-randomized control study with 
intervention in one research facility. Change of variables in intervention group and 
control group after or during intervention period was compared. 
B. Research facility 
 This study was conducted in Dr. Sardjito Hospital, a teaching and referral 
hospital for Yogyakarta and the Southern part of the Central Java provinces in 
Indonesia.  
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C. Intervention 
1. Definition of Infection Control Measure in this Study 
Infection control measure in this study means all activities that can reduce 
Staphylococcus aureus nasal carriage and Pseudomonas spp. in hospital environment.  
2. Newly Introduced Infection Control Measures (Intervention)  
Based on the rate of SANC of nurses in 4 internal wards and 4 surgical wards were 
divided into intervention and control group. New infection control measures were 
introduced in intervention wards for 10 weeks. For control wards, infection control 
measures at the beginning of intervention were continued. Conditions in the research 
facility before intervention and newly introduced infection control measure 
(interventions) to them were described in Table 1. 
 
Table 1. The conditions before intervention and interventions implemented to 
intervention wards. 
Objective Condition before intervention Intervention 
To reduce  S. 
aureus nasal 
carriage 
High incidence of 
Staphylococcus aureus nasal 
carriage in nurses.  
 
Hand hygiene performance and 
compliance are poor (according 
to the study conducted by Murni 
in 2015 hand hygiene 
compliance of healthcare 
workers was only 18.9%).  
 
Institution doesn't have a 
regulation about “uniform 
cleaning” 
Education program on hand hygiene (once at 
the beginning of intervention). 
Lectures: 
• Overview of infection prevention 
• What is the role of hands in germ 
transmission? 
• What is the role of uniform 
contaminated in HAIs? 
• When should nurse change the uniform? 
• What role does hand hygiene play in the 
prevention of HAIs?  
• How to practice hand hygiene?  
• When to perform hand hygiene?  
Demonstration of proper hand hygiene 
procedure. 
Intensive campaign for hand hygiene 
promotion program with brochure of 5 
moments of hand hygiene in the morning 
meeting before turnover of night-shift.  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To reduce  
Pseudomonas 
spp. in hospital 
environment 
High incidence of Pseudomonas 
aeruginosa from hospital 
environment 
All housekeeping staffs in the intervention 
wards were trained for cleaning techniques 
(30 min X 2). 
Daily cleaning of the sink with soap and 
water or a detergent/hospital approved 
disinfectant by housekeeping staff.  
 
D. Evaluation of the Effects of the Intervention 
Effects of the newly introduced infection control measures were evaluated by 
knowledge about infection control, nurses’ hand hygiene compliance, their S. aureus 
nasal carriage, isolation rate of Pseudomonas spp. from the hospital environments, ATP 
quantification of the hospital environment, and group interview of the nurses in 
intervention wards. Surveillance data of catheter-associated urinary tract infection (CA-
UTI), catheter-associated bloodstream infection (CA-BSI) and surgical site infection 
(SSI) in surgical wards during the intervention period were also obtained from the 
monthly report of the infection control team.  
1. Knowledge about Infection Control 
Knowledge about infection of the nurses was evaluated by questionnaire developed 
by the researcher based on literature review.  
The questionnaire was consisted of two sections; the first section included the 
demographic data of the nurses; such as sex, age, ward, educational level, work 
experience, and questions regarding their previous infection control training. The 
second section included knowledge about infection control measures; such as standard 
precaution, hand hygiene, gloves, gown, linen, personal protective equipment, needle 
stick sharp instrument injuries, environmental cleaning, waste disposal, and patient care 
equipment. The participant answered whether each item of the questionnaire was true or 
false. Knowledge score about infection control was calculated as follows:  
Correct answer received one score and wrong answer received zero score. Sum of 
each score for 37 question items was defined as knowledge score about infection 
control. 
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2. Hand Hygiene Compliance  
Nurses who were taken samples from their nasal cavities for isolation of S. aureus 
were subjected for the observation of hand hygiene compliance. Observation was 
conducted 5 times during the intervention period in two internal wards and two surgical 
wards (half of intervention and control ward). Observation was performed for 2-3 hours 
during the day shift (07:00 - 14:00) and time required for each nurse was 30 minutes 
during the day shift.   
3. Nurse’s S. aureus Nasal Carriage (SANC) 
Samples from nasal cavity for isolation of S. aureus were obtained by swabbing 
with sterile swab tips. Each swab tip was immersed in 1 mL of sterilized sampling 
solution (Na2HPO4 10.1g, KH2PO4 0.4g, TritonX-100 1.0g distilled water 1 L) and 
stirred violently for 1 minute with vortex mixer. Then aliquot of 100 µL 10-2 times 
dilution was inoculated onto selection medium for Staphylococcus aureus (Baird Parker 
agar, Becton Dickinson Company). Inoculated agar plates are incubated at 370C for 48 
hr. Obviously larger black colonies were counted and isolated as S. aureus. 
4. Isolation of Pseudomonas spp. from Hospital Environment 
Samples for isolation of Pseudomonas spp. was taken by swabbing 10 X 10 cm area 
with swab tip. The sampling site was shown in figure 5. Left side was used for isolation 
of Pseudomonas spp. Sampling was done at the same time for every ward. The size of 
swabbed area was determined after preliminary investigation. Each swab tip was 
immersed in 1 mL of sterilized saline and stirred violently for 1 minute with vortex 
mixer. Then aliquot of saline 200 µL original was inoculated onto selection medium for 
Pseudomonas (NAC Agar `Eiken') and incubated at 370C for 24 to 48 hr.  
Number of colonies grown on both was counted and each colony was evaluated 
oxidase production by oxidase test kit. When bacterium was positive for oxidase test, it 
was determined Pseudomonas spp. Detected Pseudomonas spp. was then inoculated to 
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acetamide agar medium and incubated at 370C for 24 hr. Bacteria that showed 
acetamidase production was identified Pseudomonas aeruginosa.  
Isolation rate of Pseudomonas spp. was calculated by dividing the number of site where 
Pseudomonas spp. were isolated by the total number of sampling site of the ward. 
5. Adenosine Triphosphate Quantification. 
To evaluate the effect of implementation of standard procedure of environment 
cleaning adenosine triphosphate (ATP) quantification was done.  
Sample for ATP quantification were taken from the same sinks where sample for 
isolation of Pseudomonas spp. were collected.  10 x 10 cm area next to sampling site 
for Pseudomonas spp. isolation was swabbed at the same time when sample for 
Pseudomonas spp. isolation was collected. The right site was used for ATP 
quantification. 
6. Group Interview 
Group of nurses who were selected as participants in the each intervention ward 
participated in semi-structure interview after intervention to explore change of nurses’ 
infection control behavior (especially hand hygiene) and thinking about infection 
control and factors which induce these change. Participants of the group interview was 
the nurses who are not swabbed and observed. The duration of the interview was about 
20 - 30 minutes.  
Short interview guide for group interview was as follows: 
• Have your behavior, especially hand hygiene changed after intervention?  
o If your behavior have changed after intervention, how have it changed 
and what factors do you think influenced change of your behavior?  
• Have your thinking about infection control changed after intervention? 
o If your thinking about infection control changed, how have it changed 
and what factors do you think influenced change of your thinking?  
 8 
 
All interviews were recorded and transcripted.  
7. Surveillance and Other Data 
Surveillance data of CA-UTI, CA-BSI and SSI in intervention and control wards 
were obtained from the monthly report of the infection control team. In order to 
evaluate cost effectiveness of intervention hospital budget for infection control program 
was obtained from the hospital web site and cost using disinfectant during intervention 
period was calculated. Cost per one event for CA-UTI, CA-BSI and SSI were also 
obtained from CDC’s Direct Medical Cost for Healthcare-Associated Infections 
(Douglas, 2009). Cost effectiveness of intervention was evaluated by comparing the 
cost for newly introduced infection control measures with the saving calculated from 
the surveillance data of CA-UTI, CA-BSI and SSI. 
E. Data Analysis 
Data of prevalence (%) and colony forming unit (CFU) of Staphylococcus aureus 
and Pseudomonas spp., compliance of hand hygiene (%), knowledge score about 
infection control measure and amount of adenosine triphosphate from intervention ward 
and control ward were compared statistically for independent samples t-test. A p-Value 
< .05 was considered indicative of statistical significance. 
All the statistical calculations were performed using SPSS version 22. 
Transcriptions of interview that mention changes due to intervention are extracted and 
analyzed qualitatively.  
F. Ethical Considerations 
This study was approved by Ethical Committee of both Chiba University Graduate 
School of Nursing (Approval number: 29-17) and Faculty of Medicine Universitas 
Gadjah Mada (Approval number: KE/FK/0955/EC/2017).     
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IV. Result  
A. Demographics of the Research Subjects  
4 internal wards and 4 surgical wards were divided into intervention and control 
ward so that each group included 2 internal wards and 2 surgical wards. 63 nurses in 
intervention wards and 68 nurses in control wards participated in this study and all of 
them also participated in questionnaire survey to evaluate knowledge about infection 
control. For evaluation of S. aureus nasal carriage, samples were obtained from 54 of 
nurses (28 nurses in intervention wards and 26 nurses in control wards) although 56 
nurses (7 nurses per ward) were expected by power analysis. They also participated in 
the observation of hand hygiene compliance. 7 sinks in 8 wards were also swabbed for 
isolation of Pseudomonas spp. and ATP quantification.  
12 nurses (42.85%) in intervention wards and 10 nurses (38.46%) in control wards 
were positive for S. aureus nasal carriage. There were not significant differences 
between intervention and control wards for all characteristics; including sex, age, 
working experience and educational background.  
B. Implementation of Newly Introduced Infection Control Measures 
All nurses (63) in intervention wards (2 internal wards and 2 surgical wards) joined 
the education program held once at the beginning of the intervention.  Nurses who 
could not attend the program received the same education program personally or in a 
small group when they had available time. The brochure of WHO’s 5 moments of hand 
hygiene was distributed to all nurses in the morning meeting before turnover of night-
shift’s nurses as an intensive hand hygiene promotion campaign. 4 housekeeping staffs 
and 1 coordinator of housekeeping staff participated in the training program about 
standard of environmental cleansing.  From the review of checklist for sink cleaning, it 
was confirmed that sinks in intervention wards were disinfected every day during the 
intervention period.  
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C. Knowledge Score about Infection Control 
All nurses (63 nurses in intervention wards and 68 nurses in control wards) 
participating in the study also answered the questionnaire for measuring knowledge 
about infection control. The questionnaire consisted 37 items. Depending on whether 
the participant could choose a correct or false answer for each item, one or zero was 
given for each item. Therefore, the possible maximum score was 37 and possible 
minimum score was 0.  Knowledge score before intervention was relatively high and 
acceptable in both intervention and control wards. It was slightly higher in intervention 
wards than control wards before intervention. However, it was not significantly 
different (p = .079). Knowledge score of the nurses in intervention wards significantly 
increased after intervention (p = <.001) whereas it did not change in control wards (p 
= .525). As a result significant difference between knowledge score of the nurses in 
intervention wards and in control wards was observed (p<.001). 
Correct answer rate (%) for each statement/questions item is shown in Table 6. As 
easily predicted from the knowledge score, the correct answer rate before intervention 
exceed 90% in 29 of 37 items in intervention wards and 24 of 37 items in control wards, 
respectively. Correct answer rate of “Hand rubbing: rub hands until dry” was low in 
both intervention and control wards. Only 54.0% in intervention wards and 35.3% in 
control wards had proper knowledge to this item. After intervention items with correct 
answer rate over 90% increased to 36 in intervention wards and correct answer rate to 
“Hand rubbing: rub hands until dry” in intervention wards was also dramatically 
improved. In contrast, items with correct answer rate over 90% was 26 in control wards 
and correct answer rate of “Standards precaution - Include the recommendations to 
protect only the patients and Apply for only healthcare workers who have contact with 
body fluid” decreased from 89.7% to 52.9% and from 86.9% to 55.9%, respectively. 
Correct answer rate of “Hand rubbing: rub hands until dry” remained still low (52.6%) 
although it increased by nearly 20%. 
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D. Hand Hygiene Compliance 
 
Figure 1. Hand hygiene compliance for each moment in intervention wards (n = 28) 
 
Hand hygiene of 28 nurses in intervention wards and 26 nurses in control wards 
were observed 5 times during the intervention period and hand hygiene compliance was 
calculated. A total of 395 opportunities (1.46 opportunities/participant/observation) 
requiring hand hygiene were observed during the study. Among 5 moments, hand 
hygiene compliance “After body fluid exposure risk” and “After touching patient 
surroundings” were not observed enough because of few opportunities. It continuously 
increased from the 1st observation and reached 90% at the 3rd observation in 
intervention wards. At the 4th observation it still remained high. However, it declined to 
52.5% at the 5th observation. Hand hygiene compliance also increased in control wards 
although it was lower than intervention wards at all observations. 
At the 1st observation, hand hygiene compliance “Before touching a patient” and 
“After touching a patient” were lower than hand hygiene compliance “Before 
clean/aseptic procedure” in both intervention and control wards. Hand hygiene 
compliance “Before clean/aseptic procedure” was relatively high in both wards. 
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However, they were only 40.0% in intervention ward and 36.4% in control wards.  
In intervention ward, hand hygiene compliance “Before clean/aseptic procedure” 
and “After touching a patient” increased after the 2nd observation and showed 100% at 
the 3rd, 4th and 5th observation for “Before clean/aseptic procedure” and at the 3rd and 
4th observation for “After touching a patient”.  At the 5th observation hand hygiene 
compliance “After touching a patient” decreased although it remained 70.6%. Hand 
hygiene compliance “Before touching a patient” also increased from 28.6% to 55.6% at 
the 2nd observation. However, any more increase was not observed at the 3rd and 4th 
observation and it decreased to 0 % at the 5th observation. Only 2 opportunities were 
available for evaluating hand hygiene compliance “After body fluid exposure risk” at 
the 3rd observation and the participant conducted hand hygiene at that time. Similarly 
for the moment “After touching patient surroundings” only 4 opportunities at the 1st 
and 4th observations were observed and hand hygiene compliance of each observation 
were 0% and 50%, respectively. 
In control wards, increase in hand hygiene compliance “Before touching a patient”, 
“Before clean/aseptic procedure” and “After touching a patient” was also observed. 
However, hand hygiene compliance of these moments were lower than intervention 
wards at all observations. Only 2 opportunities (1 at the 3rd and 1 at the 4th observation 
were available for evaluating hand hygiene compliance “After body fluid exposure 
risk”. As in intervention wards, hand hygiene compliance was 100% at both 
observations. 6 hand hygiene opportunities “After touching patient surroundings” were 
observed in control wards and any participants did not perfume hand hygiene.  
E. Nurses’ Nasal Carriage of S. aureus 
1. Change of S. aureus nasal carriage after intervention 
Samples of 28 nurses in intervention wards and 26 nurses in control wards were 
collected to evaluate nasal carriage of S. aureus. Table 9 shows change of prevalence of 
S. aureus nasal carriage after intervention.  
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S. aureus was isolated form 12 nurses (42.85%) in intervention wards and 10 nurses 
(38.46%) in control wards. As aforementioned the prevalence of S. aureus nasal 
carriage before intervention was higher in intervention wards due to refusal of one 
participant with S. aureus nasal carriage, although statistically significance was not 
found.  
The prevalence of S. aureus nasal carriage was unchanged after intervention in both 
intervention and control wards. However, changes of individual participant were 
different. It was categorized 4 patterns; “remained negative”, “positive to negative”, 
“remained positive” and “negative to positive”. The number of participants for each 
category were 10, 6, 7 and 5 in intervention wards and 12, 4, 6 and 4 in control wards, 
respectively. 
Comparison of S. aureus colony count was conducted only in the participants 
whose S. aureus nasal carriage remained positive and less than 0.5 logarithmic change 
was considered unchanged in intervention wards, S. aureus colony count was 
unchanged in 3 subjects (Subject 16, 19, 26), increased 2 subjects (Subject 6, 20) and 
decreased in 2 subjects (Subject 2, 18). Subject 18 exhibited logarithmic reduction of 
1.09. In control wards, it was unchanged in 4 subjects (Subject 2, 8, 9. 25), increased 1 
subject (Subject 10) and decreased in 1 subject (Subject 12). 
2. Relationship between Hand Hygiene Compliance and Change of Nurses’ Nasal 
Carriage of Staphylococcus aureus 
The relationship between change of S. aureus nasal carriage and hand hygiene 
compliance was investigated as intermittent carriage might be reduced by proper hand 
hygiene. Hand hygiene compliance of nurses in remained negative and positive to 
negative group increased after intervention, whereas that of remained positive or 
negative to positive group remained low or even decreased in both intervention and 
control wards. 
Hand hygiene compliances of the nurses whose S. aureus nasal carriage were 
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negative after intervention were especially higher in the moment “After touching a 
patient” at the 3rd and 5th observations (90% vs.76.4% at the 3rd observation, 80.9% 
vs. 53.8% at the 5th observation). 
 
Figure 2. Hand hygiene compliance for each pattern of change of S. aureus nasal carriage 
in intervention wards 
 
F. Isolation of Pseudomonas spp. and P. aeruginosa 
29 sinks in intervention wards and 28 sinks in control wards were swabbed for 
isolation of Pseudomonas spp. and P. aeruginosa. In this study, Pseudomonas spp. 
means Pseudomonas spp. other than P. aeruginosa. 
Before intervention, Pseudomonas spp. was isolated from 5 sinks (17.2%) in 
intervention wards and 7 sinks (25.0%) in control wards, and P. aeruginosa was isolated 
from 18 sinks (62.0%) in intervention wards and 13 sinks (25.0%) in control wards. 
After intervention number of sinks where P. aeruginosa was isolated decreased to 12 
(41.4 %) in intervention wards whereas that of Pseudomonas spp. increased to almost 
twice (34.5%). Isolation rate of both Pseudomonas spp. and P. aeruginosa increased to 
46.4% and 57.1%, respectively. 
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Table 2. Isolation rate of Pseudomas spp. and Pseudomonas aeruginosa 
Group Sites 
Before Intervention After Intervention 
Pseudomonas 
spp.  
(+) 
Pseudomonas 
aeruginosa 
(+) 
Pseudomonas 
spp.  
(+) 
Pseudomonas 
aeruginosa 
(+) 
    Intervention Ward 29 5 18 10 12 
          Internal ward 1 8  3 4 2 1 
          Internal ward 4 7 1 5 3 3 
          Surgical ward 1 7 0 5 3 4 
          Surgical ward 4 7 1 4 2 4 
     Control Ward 28 7 13 13 16 
          Internal ward 2 7 2 4 2 6 
          Internal ward 3 7 3 5 5 4 
          Surgical ward 2 7 2 3 5 5 
          Surgical ward 3 7 0 1 1 1 
 
Before intervention, approximately 102 - 103 of Pseudomonas spp. and 10 - 102 of P. 
aeruginosa were detected from 10 X10 cm square of the sinks in both intervention and 
control wards. The change of colony count after intervention was different from the 
results of isolation rate. For Pseudomonas spp. colony count decreased in 3 of 4 wards 
in intervention wards and 3 of 4 wards in control wards. However, number of the ward 
where 0.5 or more logarithmic reduction was observed were only 1 ward in intervention 
group and 2 wards in control group, respectively. For P. aeruginosa, colony count in 
intervention ward increased in 3 of 4 wards after intervention. Obvious reduction of 
colony count was found in only 1 of control wards. 
G. Adenosine Triphosphate Quantification 
29 sinks in intervention wards and 28 sinks in control wards were also swabbed for 
ATP quantification. After intervention, ATP amount decreased in 2 wards, unchanged in 
1 ward and increased in 1 ward in intervention group. For control group it decreased in 
3 wards and unchanged in 1 ward.  0.5 or more logarithmic reduction was found only in 
1 ward in both groups. There was not significant difference between logarithmic 
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reduction of ATP amount between intervention and control wards. 
Table 3. ATP quantification 
Group Sites 
Before Intervention 
ATP/100cm2 
Mean ± SD  
After Intervention 
ATP/100cm2 
Mean ± SD (site +) 
Log 
Reduction 
(LR) 
Intervention Ward 29    
 Internal ward 1 8  15.4 x 103 ± 21.2 x 103  15.1 x 103 ± 28.4 x 103  0.016 
 Internal ward 4 7 2.11 x 103 ± 1.67 x 103  1.10 x 103 ± 0.77 x 103  0.245 
 Surgical ward 1 7 51.0 x 103 ± 60.9 x 103  15.6 x 103 ± 32.0 x 103  0.652 
 Surgical ward 4 7 67.4 x 103 ± 60.5 x 103  28.9 x 103 ± 38.3 x 103  0.432 
Control Ward 28       
Internal ward 2 7 2.89 x 103 ±  4.45 x 103             2.86 x 103 ± 1.26 x 103  0.006 
Internal ward 3 7 70.4 x 103 ± 106 x 103  30.1 x 103 ± 12.6 x 103  0.515 
Surgical ward 2 8 39.3 x 103 ± 56.4 x 103  18.2 x 103 ± 21.2 x 103  0.129 
Surgical ward 3 7 55.9 x 103 ± 63.8 x 103  25.9 x 103 ± 30.9 x 103  0.158 
 
H. Group Interview 
Group interview of the nurses was conducted for each ward in intervention group. 2 
to 4 nurses per ward, totally 12 nurses participated in the interview. The nurses felt that 
they behavior had changed after education program by being aware about importance of 
hand hygiene in infection control. On the other hand, they also mention the barrier to 
keep hand hygiene compliance high and some of them hoped to be monitored their hand 
hygiene expecting Hawthorne effect. Change of thought about infection control of the 
nurses were behind the change of the behavior in the intervention wards. After 
acquisition of knowledge, fear or threat it be infected appeared in their mind and it 
made them perform hand hygiene reflectively to protect themselves from getting 
infections. 
I. Rate of CA-UTI, CA-BSI, SSI and costs for infection control. 
Rate of SSI in control wards was higher than in intervention wards. 
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As the occurrence rate CA-UTI, CA-BSI and SSI was very low and it was difficult to 
make reliable comparison. However, rate of CA-BSI and SSI in intervention wards 
were lower than in control wards although statistical significance was not found.  
Based on the hospital budged in 2018, approximately Rp 127,500,000 (US$ 9,107) was 
planned to spend to support the staffs who attend the training program about infection 
control in 2018. Therefore, total cost for education program and intensive campaign of 
hand hygiene for 63 staffs during intervention period (10 weeks) was calculated 
approximately Rp 4,000,000 or US$ 286. In intervention period also spent Rp 
2,400,000 or US$ 172 for disinfectant. Totally cost for intervention was estimated 
approximately Rp 133,900,000 or US$ 9,565. 
According to CDC’s Direct Medical Cost for Healthcare-Associated Infections 
(Douglas, 2009), one episode of CA-UTI, CA-BSI and SSI costs from US$ 589 - 756, 
5,734 - 22,939, and 10,443 - 25,546 respectively and therefore, reduction of 2 CA-UTI 
and one SSI case and increase in one CA-BSI case in intervention wards could save 
US$ 4,125 – 5,887.   
 
V. Discussion 
A. Effect Newly Introduced Infection Control Measures 
1. Hand Hygiene Compliance and Knowledge about Infection Control 
Significant increase in hand hygiene compliance and knowledge score about 
infection control was found after intervention although knowledge score about infection 
control was already acceptable in both intervention and control wards before 
intervention. Therefore, it is suggested that education program and intensive hand 
hygiene campaign could improve knowledge about infection control and hand hygiene 
compliance. Increase in hand hygiene compliance by education and hand hygiene 
campaign has been also supported in many studies (Salama et al, 2013, Helder et al., 
2010). 
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 In intervention wards hand hygiene compliance decline at the end of intervention. In 
this study education program was held only once at the beginning of intervention. In 
addition, comparison of hand hygiene compliance for each moment revealed that no 
hand hygiene “Before touching a patient” at the 5th observation in intervention wards 
also influenced this decline of hand hygiene compliance. In contrast to poor hand 
hygiene compliance “Before touching a patient”, that of “After touching a patient” still 
remained high.  
In group interview, nurses in interventions wards mentioned the fear of high-risk 
patient and told that hospital was the high-risk place of infection. The increase of fear or 
threat to be infected might promote hand hygiene “After touching patient” and result in 
decrease in hand hygiene “Before touching patient” in which lack of hand hygiene was 
a risk for a patient to be infected, but not for a health care worker. 
2. Change of S. aureus Nasal Carriage and Its relation to Hand hygiene 
Compliance 
When evaluated by the prevalence, newly introduced infection control measures did 
not change nurses’ nasal colonization of S. aureus in intervention wards. However, S. 
aureus nasal carriage remained negative or changed from positive to negative when 
nurses showed high hand hygiene compliance.  
There are 3 types of S. aureus nasal carriage; They are persistent, intermittent and 
non carriage. Nurses whose S. aureus nasal carriage changed after intervention are 
considered to be intermittent carriers. Improvement of hand hygiene was effective to cut 
a chain of S. aureus transmission from contaminated hand to nasal cavity of intermittent 
carriers.  
3. Isolation of Pseudomonas spp. and ATP Quantification 
Although number of sinks contaminated with P. aeruginosa decreased after 
intervention, P. aeruginosa was still isolated from approximately 40 % of sinks despite 
the daily cleaning or disinfection.  
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For ATP quantification, effect of introduction of new cleaning policy was not 
obvious because it decreased not only in intervention wards but also control wards.  
However, reduction of isolation rate of P. aeruginosa and ATP amount after 
intervention in this study suggests that daily cleaning can remove the bacteria and dirt 
from the environmental surface (sinks).   
4. Nurse Perspective 
Acquisition of knowledge by education program had changed nurses’ behavior and 
thought, and then resulted in improved hand hygiene compliance. Examination of 
S.aureus nasal carriage and observation of hand hygiene also promoted their change of 
behavior. 
B. Rate of CA-UTI, CA-BSI, SSI and Cost Benefit Analyses 
There was not significant effect on the rates of CA-UTI, CA-BSI and SSI and the 
intervention could not save the cost for these infections. However, it is too early to 
conclude that intervention was not worth the cost because there was limited data due to 
short intervention period in this study. Further studies were necessary to make more 
accurate comparison between the cost saved by intervention and cost used for 
intervention. 
 
VI. Significance of the Study in Nursing Practice in Indonesia 
The infection control measures introduced in this study can be applied to other 
Indonesian hospitals to improve knowledge about infection control, hand hygiene 
compliance among nurses and to reduce P. aeruginosa in the hospital environments.In 
this study, it is also suggested that improvement of hand hygiene compliance was 
effective to reduce S. aureus nasal carriage among nurses. 
 
VII. Limitation of Study 
There were some limitations of this study. They were: 1). Number of hand 
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hygiene opportunity observed did not meet requirement for calculating reliable hand 
hygiene compliance. More hand hygiene opportunities should have been observed.  2). 
Duration of intervention of 10 weeks was relatively shorter to generate obvious effect of 
intervention. Duration of intervention was considered too short to evaluate the effect of 
newly introduced infection control measures, especially effect on the cost saved by 
intervention. 3). Validity and reliability of the questionnaire to evaluate knowledge 
about infection control was not investigated and this resulted in high correction rate 
both in intervention and control wards.  
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